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httpcense.Abstract The scavenging behavior of a series of phenolic and anilines compounds toward H2O2
and DPPH was examined. The efﬁcient concentration (EC50) was calculated for all compounds
under investigation by using H2O2-scavenging activity assay. The antiradical efﬁciency (AE) and
EC50 were calculated for all investigated compounds by applying DPPH scavenging activity assay.
Wide differences among compounds in each series and between the two series were observed. In
H2O2-scavenging activity assay, the anilines series were more active than the phenolic series due
to the reduction properties of the anilines compounds. While in the DPPH scavenging activity,
the phenolic compounds were more active than the anilines compounds due to the lower bond dis-
sociation energies (BDE) of O–H than that of N–H. So, the phenolic compounds were compara-
tively easier to lose H atom than anilines. The antioxidant activity related to the compound
structure was found to be dependable on the number of the included active group (OH or NH2).
The more active compound is the more included active groups. The position of the active groups
also plays an important role of structure–antioxidant relationship activity. The ortho position
was found to be the more active one, due to its ability to form intramolecular hydrogen bonding
(iHB), followed by para position and then meta position of compounds.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University.Open access under CC BY-NC-ND license.Introduction
Antioxidants have become a topic of increasing interest
recently. A literature search revealed that the number of2) 44714372.
(E. Bendary).
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quadrupled in the past decade (1684 in 1993; 6510 in 2003).
Antioxidants are compounds that, in low concentration, can
prevent biomolecules (proteins, nucleic acids, polyunsaturated
lipids, and sugars) from undergoing oxidative damage through
free radical mediated reactions. They can inhibit oxidizing
chain reactions in several ways, including direct quenching of
reactive oxygen species, inhibition of enzymes, and chelating
of metal ions (Fe2+, Cu+). Their beneﬁcial effects are related
to diseases in which oxidative processes are remarkable, i.e.,
atherosclerosis, coronary heart disease, certain tumors, andaculty of Agriculture, Ain Shams University.
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174 E. Bendary et al.aging itself (Luximon-Ramna et al., 2003; Toyokuni et al.,
2003; Caia et al., 2004; Romani et al., 2004).
Dietary antioxidants, including polyphenolic compounds,
vitamins E and C, and carotenoids, are believed to be the effec-
tive nutrients in the prevention of these oxidative stress related
diseases (Ames et al., 1995; Kaur and Kapoor, 2001). There is
increasingly growing market for nutraceuticals and functional
food. Products containing nutraceuticals have reached a
worldwide estimated value of $65 billion (Lachance, 2002).
Clinical trials and epidemiological studies have established
an inverse correlation between the intake of fruits, cereals,
and vegetables (dietary antioxidants) and the occurrence of
diseases such as inﬂammation, cardiovascular disease, cancer,
Alzheimer’s, and aging-related disorders (Halliwell, 1992; Wil-
let, 2001).
In fact, a diet rich in fruits, vegetables, cereals, and olive oil
can prevent cardiovascular diseases and certain forms of cancer.
The major antioxidant components of these common foods are
the phenolic compounds. Their antioxidant activity seems to be
related to their molecular structure, more precisely to the
presence and number of hydroxyl groups, and to double bond
conjugation and resonance effects (Rice-Evans et al., 1996).
Recently, a quantum–mechanical investigation has shown
that the antioxidant action of ﬂavonols is related to radicals
showing a planar conformation that allows extended electronic
delocalization between adjacent rings (Russo et al., 2000).
Recently, the antioxidant properties of some diary amines
in the benzo [b] thiophene series were reported by evaluation
of their free radical scavenging activity and reducing power,
and it was possible to establish some structure–activity rela-
tionships based on the position of arylamination (either on
the benzene or on the thiophene ring) and in the presence of
different substituents on both rings (Ferreira et al., 2006). It
was possible to establish some structure–activity relationships
(SARs) based on the presence and position of different substit-
uents in the phenyl ring (1 or 2 OMe and C–N), in the presence
of a pyridine ring and on the position of its nitrogen atom rel-
ative to the N–H bond (Queiroz et al., 2007).
Two main mechanisms by which antioxidants can play their
protective role have been proposed. In the ﬁrst mechanism, the
free radical removes a hydrogen atom from the antioxidant
(ArOH) that itself becomes a radical:
R þArOH! RHþArO
In this mechanism, the bond dissociation energy (BDE) of the
O–H bonds is an important parameter in evaluating the anti-
oxidant action, because the weaker the OH bond the easier will
be the reaction of free radical inactivation.
In the second mechanism (the one-electron transfer), the
antioxidant can give an electron to the free radical becoming
itself a radical cation:
R þArOH! R þArOHþ
According to the second mechanism, the lower of the ioniza-
tion potential (IP), the easier is the electron abstraction. So,
the calculation of BDEs and IPs includes interesting informa-
tion about the efﬁciency and the activity of the phenolic anti-
oxidants (Wright et al., 2001).
This study aims to evaluate the antioxidant activity of some
phenolic and anilines compounds by two different methods;
H2O2-scavenging activity and DPPH scavenging activity
assays. The efﬁcient concentration (EC50) and antiradicalefﬁciency (AE) were calculated for the tested compounds.
The comparison between EC50 values and AE values were
established to evaluate the most active group of compounds
and the most active compound among each group. Based on
the above-mentioned, the relationships between the chemical
structure and the antioxidant activity of the selected com-
pounds were also elucidated.Materials and methods
Materials
1,1-Diphenyl-2-picrylhydrazyl (DPPH) was obtained from Al-
drich company. Ethanol 95%, Methanol, hydrogen peroxide
30%, and phenol were purchased from El-Nasr pharmaceuti-
cal chemicals company. 4-Aminophenol, 3-aminophenol, 2-
aminophenol, catechol, resoricinol, hydroxyquinone, aniline,
o-phenylenediamine, and p-phenylenediamine were laboratory
pure reagents.
Preparation of antioxidants stock solutions
A solution (100 mM) of each tested compounds (phenol, 4-
aminophenol, 3-aminophenol, 2-aminophenol, catechol, resor-
cinol, hydroquinone, aniline, o-phenylenediamine) was pre-
pared in ethanol 95%. q-Phenylenediamine was dissolved in
ethanol 95% to give 50 mM solution. Total volume of the
solutions was 25 ml.Methods of chemical analysis
Determination of hydrogen peroxide scavenging
The ability of tested compounds to scavenge hydrogen perox-
ide was determined according to the method of (Ruch et al.,
1989). The reaction mixture had contained 1 ml of hydrogen
peroxide solution (35.4 mM) and different concentrations of
tested compounds (from 0.0425 mM to 4 mM). Total volume
of the reaction mixture was 3 ml. Absorption of hydrogen per-
oxide at 230 nm was determined within 3 min against a blank
solution that contained tested compound in ethanol without
hydrogen peroxide.
% scavenging of hydrogen peroxide effect
¼ ðAs=Ac 1Þ  100
where As = absorbance of sample. Ac = absorbance of con-
trol (hydrogen peroxide solution in ethanol without sample).
Determination of DPPH scavenging
The ability of tested phenolic compounds and anilines com-
pounds to scavenge DPPH radical was determined according
to the method of Hatano et al. (1988). The reaction mixture
had contained 0.1 ml of DPPH radical solution (5 mM) and dif-
ferent concentration of tested compounds (from 0.0026 mM to
83 mM). Total volume of the reaction mixture was 3 ml.
Absorption of DPPH radical at 515 nm was determined after
10 min against a blank solution that contained only methanol.
% DPPH radical scavenging activity ¼ ððAcAsÞ=AcÞ  100
where As = absorbance of sample. Ac = absorbance of con-
trol (DPPH radical solution in methanol without sample).
Antioxidant and structure–activity relationships (SARs) 175According to Ordoudi et al. (2006), Kinetic parameter EC50
(efﬁcient concentration of the antioxidant necessary to de-
crease the initial DPPH radical concentration by 50%) was
calculated. Also, TEC50 (reaction time needed to reach the stea-
dy state at EC50) was determined. Finally, the calculated EC50
and TEC50 values were used to calculate the antiradical index
AE (antiradical efﬁciency) as follows:
AE ¼ 1=ðEC50  TEC50ÞResults and discussion
Results
Hydrogen peroxide scavenging activity
Phenolic compounds. As indicated in Fig. 1, phenolic com-
pounds under investigation showed a strong concentration-
dependent scavenging of H2O2. The obtained results were con-
ﬁrmed by the EC50 value ‘‘efﬁcient concentration’’ value (also
called the half maximal inhibitory concentration) IC50) value)
which is deﬁned as the concentration of substrate that causes
50% loss of the DPPH activity (Molyneux, 2004).
The EC50 of the tested phenolic compounds increased in the
following order 4-aminophenol < 2-aminophenol < cate-
chol < 3-aminophenol < hydroquinone < resoricinol and
phenol. Phenol was at the top of all tested concentrations.
Aniline compounds. The ability of anilines compounds to act as
antioxidant using hydrogen peroxide was determined at differ-
ent concentrations, and the EC50 was calculated for all com-
pounds. As shown in Fig. 2, anilines compounds showed
different hydrogen peroxide scavenging activity and it was in-
creased by increasing their concentrations.
The tested anilines compounds could be arranged according
to their EC50 value as the following order: aniline < 4-amino-
phenol < 2-aminophenol < 3-aminophenol < o-phenylenedi-
amine and p-phenylenediamine on the top of them.
DPPH scavenging activity
Phenolic compounds
DPPH radical has been widely used to evaluate the antioxidant
properties of natural products (Toyokuni et al., 2003; Romani
et al., 2004). DPPH was used as the free radical source, since itFig. 1 Hydrogen peroxide scavenginsimulates reactive oxygen and nitrogen species affecting bio-
logical systems (Arnao, 2000). In addition, free radical scav-
enging is generally the accepted mechanism for antioxidants
inhibiting lipid oxidation (Brand-Williams et al., 1995).
Antiradical efﬁciency (AE) is an expression of results that
takes into accounts both stoichiometry (in terms of EC50)
and time to reach steady state (TEC50). This parameter pro-
vides an indirect means to consider that low TEC50 and low
amounts of a potent antioxidant are needed to prevent auto
oxidation of free radical mediated oxidation of a lipid sub-
strate (Sanchez-Moreno et al., 1998). The AE value is the re-
sult of combination of kinetic and static approaches to
characterize the antioxidant efﬁciency of a molecule (Huang
et al., 2005; Roginsky and Lissi, 2005). Instead of stoichiome-
tric factors (EC50) which are most often used to describe differ-
ences in the scavenging potential of mono- and poly-phenol
acid derivatives, though other stoichiometry aspects may be
used, e.g., rate of reaction (Frankel and Meyer, 2000).
The antioxidant activity of phenolic compounds was tested
bymeasuring their capacity to scavengeDPPH radical. Efﬁcient
concentration (EC50), TEC50 (reaction time needed to reach the
steady state at EC50), and antiradical efﬁciency (AE) were deter-
mined. The obtained data showed a wide variation between the
tested phenolic compounds in their antioxidant activity. All
tested phenolic compounds have the ability to quench DPPH
radical in a concentration-dependent manner.
TheAEvalue of the tested phenolic compoundswas increased
in the following order: catechol > 2-aminophenol > 4-amino-
phenol > hydroquinone > 3-aminophenol > resoricinol and
phenol at the top of all tested concentrations. The AE value of
phenol and resoricinolwas near to zero sodidnot appear inFig. 3.
Anilines compounds
The antioxidant activity of selected anilines compounds was
determined by DPPH assay. Different parameters were calcu-
lated (EC50, TEC50, and AE). The tested anilines compounds
had different antioxidant activity as shown in Fig. 4. The anti-
oxidant activity of the tested anilines was increased by increas-
ing their concentration.
The AE value of the tested anilines compounds was decreased
in the following order: 2-aminophenol > o-phenylenedi-
amine > 4-aminophenol > p-phenylenediamine > 3-amino-
phenol. Aniline was at the bottom of all tested concentrations, as
theAEvalue of anilinewas near to zero so did not appear inFig. 4.g activity of phenolic compounds.
Fig. 2 Hydrogen peroxide scavenging activity of aniline compounds.
Fig. 4 Antiradical efﬁciency (AE) of aniline compounds in DPPH assay.
Fig. 3 Antiradical efﬁciency (AE) of phenolic compounds in DPPH assay.
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H2O2-scavenging activity
Mechanism of H2O2-scavenging activity could be explained
according to Wettasinghe and Shahidi (1999). The decomposi-
tion of hydrogen peroxide into water may occur according to
the following reaction:
H2O2 þ 2Hþ þ 2e ! 2H2OPhenolic compounds
The phenolic derivatives, diphenol and aminophenol, recorded
higher antioxidant activity than their parent compound. Theobtained results indicated that the aminophenol in 2 and 4
positions showed the highest H2O2-scavenging activity.
Phenols had a strong antioxidant activity, where amino-
substituted phenol was in general more potent than hydro-
xyl-substituted ones (Iwatsuki et al., 1995). Our obtained
results concerning the H2O2-scavenging activity of phenolic
compounds could be supported by the ﬁrst antioxidant
mechanism proposed by Wright et al. (2001).
The differences inH2O2-scavenging activity of phenolic com-
pounds are probably affected by the nucleophilicities of the cor-
responding phenoxyl radicals which are formed in a slightly
alkaline medium. Phenoxyl radicals generated may be stabilized
through resonance and/or intramolecular hydrogen bonding as
in the ortho position substituent (catechol and 2-aminophenol).
Antioxidant and structure–activity relationships (SARs) 177The number of hydroxyl groups and the aromatic ring substitu-
tion pattern are all important associated factors. In other words,
the H2O2-scavenging activity is largely dependent on the hydro-
gen-donating ability of phenolic compounds and the stability of
phenoxyl radicals formed after the dehydrogenation. When the
hydrogen atoms of the aromatic ring are substituted by electron-
donating groups (hydroxyl group), the nucleophilicity of the
phenoxyl radical would be increased, enhancing its H2O2-scav-
enging activity. The ortho and para position substitution with
another hydroxyl group is also another factor increasing the sta-
bility of the phenoxyl radical (Ma et al., 2011).
Scavenging of hydrogen peroxide by PPE (polyphenolic ex-
tract) may be attributed to their phenolic nature, which can
donate electrons to H2O2, thus neutralizing it to water (Saurav
and Kannabiran, 2012).
Since phenolic compounds are good electron donors, they
may accelerate the conversion of H2O2 to H2O. Phenolic com-
pounds are known as powerful chain breaking antioxidants.
Phenols are very important plant constituents because of theirNO2
NO2
N NO2N
R-H
NO2
NO2
H
N NO2Nscavenging ability due to their hydroxyl groups and may con-
tribute directly to antioxidative action (Wagh et al., 2012).
Anilines compounds
In contrast, our results revealed that the aromatic amines (ani-
lines) had a strong antioxidant activity, where amino-substi-
tuted phenol was in general more active than amino-
substituted ones (Iwatsuki et al., 1995). By comparing between
the tested anilines compounds, results showed aniline (the
parent compound) is the most active one as antioxidant. This
result could be explained according to the second mechanismOH
OH
+ ROO
OH
O
+ ROOH
O
O
+ ROO + ROOH
OH
O
The reaction mechanism of catechol as antioxidantexplained by Wright et al. (2001), where aniline had a lower
IP value, so it has the easiest electron abstraction property.
The substitution with electron donor groups (NH2 or OH)gave a negative effect on IP value, so the H2O2-scavenging
activity decreases.
Comparison between phenolics and anilines antioxidant activity
Anilines were more active in H2O2-scavenging than phenols.
The most active compound is aniline due to its lower IP value
(Wright et al., 2001). The second mechanism according to
Wettasinghe and Shahidi (1999) equation and our result, was
more favorable mechanism to scavenging H2O2. So, the com-
pound was easier to lose electron which resulted in more
H2O2-scavenging activity. On the other hand, the compound
which is easier to lose hydrogen atom (based on the ﬁrst mech-
anism) will lead to less H2O2-scavenging activity.
DPPH scavenging activity
The DPPH assay was believed to involve hydrogen atom trans-
fer reaction as in the following equation (Mohammadpour
et al., 2012).Phenolic compounds
Based on the aforesaid, the most active compound as antiox-
idant is the one possesses more than one active group (e.g.,
NH2 or OH) in ortho position. So, the most active antioxi-
dant compound is catechol, which possesses two hydroxyl
groups in ortho position (Valgimigli et al., 2008). The ﬁrst
chain carrying peroxyl radical was being trapped by H-atom
transfer from the labile phenolic O–H and the second by
reaction with the resultant phenoxyl radical. Catechols are
able to trap two peroxyl radicals under most conditions as
follows:So, the reaction mechanism of 2-aminophenol could be ex-
plained as follows:
NO H
H
H
+ ROO
N
O
H
H
+ ROOH
N
O
H
H
+ ROO
N
O
H
+ ROOH
The reaction mechanism of 2-aminophenol as antioxidant
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the presence of di-active groups (OH or NH2) in the 1,2 posi-
tion in their molecular structure. This structure feature has the
ability to form an intramolecular hydrogen bonding (iHB).
The H atom which is not involved in this bond will then be ab-
stracted by free radicals, resulting in a stable phenoxy radical
(Ordoudi et al., 2006).
Then, 4-aminophenol, hydroquinone, and p-phenylenedi-
amine were in the second order as antioxidant. These com-
pounds have the same substituent position. The reaction
mechanism of hydroquinone could be explained according to
Valgimigli et al. (2008) as follows:+ ROO + ROOH
+ ROOH
OH
O
H
O
O
H ROOO2
O
O
O
O
HOO +
The reaction mechanism of hydroquinone as antioxidantThe lower stoichiometric factors observed for hydroqui-
nones and the dependence of these values on experimental con-
ditions have been explained through a chain transfer reaction,
wherein a peroxyl radical is quenched by the hydroquinone,but the resultant semiquinone radical reacts with O2 to gener-
ate hydroperoxyl, which can carry on an oxidation chain. As a
result, no net oxidation chains are broken and the stoichiom-
etric factor is zero. The actual stoichiometric factor would then
depend on the competition between the reaction of the semi-
quinone radical with O2 and its reaction with a peroxyl radical,
the kinetics of which may depend on experimental conditions,
such as the solvent and the rate of initiation (steady state con-
centration of peroxyl radicals).
On the other hand, the amino group in the para position in
4-aminophenol had played an important role in increasing the
antioxidant activity than hydroquinone. Since, the aminogroup was an electron donor group. Thus, the peroxyl radical
was more stable.
So, the reaction mechanism of 4-aminophenol could be ex-
plained as follows:
+ ROO
OH
N
H
O
N
H
+ ROOH
O2
O
NH
HOO +
ROO
O
NH
+ ROOH
H H
The reaction mechanism of 4-aminophenol as antioxidant
Antioxidant and structure–activity relationships (SARs) 179In the third order, 3-aminophenol has a mediate antioxidant
activity. 3-aminophenol has an electron donor group (NH2) but
in meta position. This position decreases the effect of the amino
group on the stability of the resultant phenoxyl radical, so the
antioxidant activity of 3-aminophenol was decreased.
In the fourth order, resorcinol has low antioxidant activity.
The presence of the OH group in meta position has a slight po-
sitive effect on the antioxidant activity in comparison with
phenol which has no antioxidant activity.
Aniline compounds
From the above-mentioned results, anilines compounds had
antioxidant activity but there were wide differences among+ ROO
N
N
H
H
H
H
N
N H
H
H
N
N H
H
H
+ ROO
N
N H
H
The reaction mechanism of o-phenylenediamine as antioxida
+ ROO
N
N
HH
H H
N
N
H
H H
+ ROOH
ROOO2
NH
NH
NH
NH
OOH +
The reaction mechanism of ρ-phenylenediamine as antioxthem. The most active anilines as antioxidant were 2-amino-
phenol then o-phenylenediamine in the ﬁrst order. As previ-
ously mentioned, the formation of intramolecular hydrogen
bonding (iHB) had played an important role to increase the
antioxidant activity of the 1,2 di-active groups (OH or NH2)
isomer. We had explained the mechanism of 2-aminophenol
according to Valgimigli et al. (2008), also the mechanism of
o-phenylenediamine could be explained as follows:
Then, 4-aminophenol and p-phenylenediamine were in the
second order as antioxidant. These compounds have the same
substitution position. As, the mechanism of 4-aminophenol
was discussed before, the reaction mechanism of p-phenylene-
diamine could be explained as follows:+ ROOH
+ ROOH
nt
+ ROOH
idant
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aniline came in the fourth order.
Comparison between phenolics and anilines
Phenolic compounds were more active as antioxidant than ani-
lines compounds in DPPH scavenging assay. The most active
compound was catechol. The highest antioxidant activity of
phenolics is due to the lower bond dissociation energies
(BDE) of OH than that of NH2. According to Wright et al.
(2001), Mohammadpour et al. (2012) equation and our results
ﬁrst mechanism was more favorable mechanism to scavenging
DPPH. In this mechanism, the bond dissociation energies
(BDE) of the O–H bonds is an important parameter in evalu-
ating the antioxidant action, because the weaker the OH bond
the easier will be the reaction of free radical inactivation. Himo
et al. (2000) showed that the bond dissociation energies of OH
in catechol was 68.8–72.6 kcal/mol while it was 70.4–70.7 kcal/
mol in 2-aminophenol. Catechol comparatively has the lowest
bond dissociation energies of OH, so it’s easier to lose H atom
than 2-aminophenol, which is followed by o-phenylenedi-
amine. The antioxidant activity followed an inverse depen-
dence on the magnitude of the phenolic bond dissociation
energies of OH. The key mechanism of the chian-breaking
action was attributed to hydrogen atom transfer (HAT) from
the phenolic OH to peroxyl radicals (Amorati et al., 2006).
Conclusion
Phenolic compounds are known as powerful chain breaking
antioxidants. Phenols are very important plant constituents be-
cause of their scavenging ability due to their hydroxyl groups
and may contribute directly to antioxidative action. It is sug-
gested that polyphenolic compounds have inhibitory effects
on mutagenesis and carcinogenesis in humans (Sawant et al.,
2009).
In this study, the antioxidant activity of two different com-
pound groups was investigated by H2O2-scavenging activity
assay and DPPH scavenging activity assay. Anilines compara-
tively have higher H2O2-scavenging activity of all tested com-
pounds due to the presence of the amino group. So, the lower
IP of the amino group had played a role in increasing the
H2O2-scavenging activity of anilines. In general, the H2O2-
scavenging activity is dependent on electron transfer (ET)
and supported by the second mechanism of antioxidant, which
was suggested by Wright et al. (2001). However, the H2O2-
scavenging activity is largely dependent on the chemical struc-
ture of compound, where the H2O2-scavenging activity was -
affected with the kind, number and position of active group
(OH or NH2) and the kind, number and position of the substi-
tuted group. In general, the presence of amino group and elec-
tron donor group at ortho or para position has a negative
effect on the H2O2-scavenging activity.
In DPPH scavenging activity assay, there are wide differ-
ences among tested compounds. In contrast, the phenolic com-
pounds were more active than anilines due to lower value of
bond dissociation energies (BDE) of OH where the DPPH
scavenging activity was dependent on hydrogen atom transfer
(HAT) and supported by the ﬁrst mechanism of antioxidant
according to Wright et al. (2001). Also, the DPPH scavenging
activity was related to the number of the active group, as the
compounds have more than one active group, they becomemore activite. In addition, the intramolecular hydrogen bond
(iHB) has an active role for stability of phenoxyl radicals
formed after dehydrogenation. This is so clear in the results
of catechol and 2-aminophenol. So, the ortho position substi-
tution is more active as antioxidant than the para position.
Notice that the chemical structure of the aminophenol com-
pounds was involved the two active different groups (OH and
NH2); aminophenols have antioxidant activity in both assays.
But the question here is ‘‘Which of the two active groups is
responsible for their activity in each assay?’’ The answer will
be very clear when we combine the antioxidant mechanism
of each assay and our results, whereas the H2O2-scavenging
activity depends on the second mechanism and the compound
ability to lose electron (ET), so the amino group in this assay is
the responsible group for aminophenol antioxidant activity. In
contrast, in the DPPH scavenging activity depends on the ﬁrst
mechanism and the compound ability to hydrogen atom trans-
fer (HAT), so the hydroxyl group in this assay is the responsi-
ble group for aminophenol antioxidant activity.
References
Ames, B.N., Gold, L.S., Willet, W.C., 1995. The causes and prevention
of cancer. Proc. Natl. Acad. Sci. USA 92, 5258–5265.
Amorati, R., Pedulli, G.F., Cabrini, L., Zambonin, L., Landi, L., 2006.
Solvent and pH effects on the antioxidant activity of caffeic and
other phenolic acids. J. Agric. Food Chem. 54, 2932–2937.
Arnao, M.B., 2000. Some methodological problems in the determina-
tion of antioxidant activity using chromogen radicals: a practical
case. Trends Food Sci. Technol. 11, 419–421.
Brand-Williams, W., Cuvelier, M.E., Berset, C., 1995. Use of a free
radical method to evaluate antioxidant activity. Lebensm.-Wiss.
Technol. 28, 25–30.
Caia, Y., Luob, Q., Sunc, M., Corkea, H., 2004. Antioxidant activity
and phenolic compounds of 112 traditional Chinese medicinal
plants associated with anticancer. Life Sci. 72, 2157–2184.
Ferreira, I.C.F.R., Queiroz, M.-J.R.P., Vilas-Boas, M., Estevinho,
L.M., Begouin, A., Kirsch, G., 2006. Evaluation of the antioxidant
properties of diarylamines in the benzo[b]thiophene series by free
radical scavenging activity and reducing power. Bioorg. Med.
Chem. Lett. 16, 1384–1387.
Frankel, E.N., Meyer, A.S., 2000. The problems of using one-
dimensional methods to evaluate multifunctional food and biolog-
ical antioxidants. J. Sci. Food Agric. 80, 1925–1941.
Halliwell, B., 1992. Antioxidants in human health and diseases. Annu.
Rev. Nutr. 16, 33–50.
Hatano, T., Kagawa, H., Yasuhara, T., Okuda, T., 1988. Two new
ﬂavonoids and other constituents in Licorice root: their relative
astringency and radical scavenging effects. Chem. Phar. Bull. 36,
2090–2097.
Himo, F., Eriksson, L.A., Blomberg, M.R.A., Siegbahn, P.E.M., 2000.
Substituent effects on OH bond strength and hyperﬁne properties
of phenol, as model for modiﬁed tyrosyl radicals in proteins. Int. J.
Quantum Chem. 76, 714–723.
Huang, D., Ou, B., Prior, R.L., 2005. The chemistry behind antiox-
idant capacity assays. J. Agric. Food Chem. 53, 1841–1856.
Iwatsuki, M., Komuro, E., Niki, E., 1995. Antioxidant activities of
aminophenols against oxidation of methyl linoleate in solution.
Bull. Chem. Soc. Jpn. 68, 620–624.
Kaur, C., Kapoor, H.C., 2001. Antioxidants in fruits and vegetables
the millennium’s health. Int. J. Food Sci. Technol., 703–725.
Lachance, P.A., 2002. Nutraceuticals, for real. Food Technol. 56, 20.
Luximon-Ramna, L., Bahorun, T., Crozier, A., 2003. Antioxidant
action and phenolic and vitamin C contents of common Mauritian
exotic fruits. J. Sci. Food Agric. 83, 496–502.
Antioxidant and structure–activity relationships (SARs) 181Ma, X., Li, H., Dong, J., Qian, W., 2011. Determination of hydrogen
peroxide scavenging activity of phenolic acids by employing gold
nanoshells precursor composites as nanoprobes. Food Chem. 126,
698–704.
Mohammadpour, M., Sadeghi, A., Fassihi, A., Saghaei, L., Movahe-
dian, A., Rostami, M., 2012. Synthesis and antioxidant evaluation
of some novel orthohydroxypyridine-4-one iron chelators. RPS 7
(3), 171–179.
Molyneux, P., 2004. The use of the stable free radical diph-
enylpicrylhydrazyl (DPPH) for estimating antioxidant activity.
Songklanakarin J. Sci. Technol. 26 (2), 211–219.
Ordoudi, S.A., Tsimidou, M.Z., Vaﬁadis, A.P., BakalBassis, E.G.,
2006. Structure-DPPH. scavenging activity relationships: parallel
study of catechol and guaiacol acid derivatives. J. Agric. Food
Chem. 54, 5763–5768.
Queiroz, M.-J.R.P., Ferreira, I.C.F.R., Calhelha, R.C., Estevinho,
L.M., 2007. Synthesis and antioxidant activity evaluation of new 7-
aryl or 7-heteroarylamino-2,3-dimethylbenzo[b]thiophenes
obtained by Buchwald–Hartwig C–N cross-coupling. Bioorg.
Med. Chem. Lett. 18, 1788–1794.
Rice-Evans, C.A., Miller, N.J., Paganga, G., 1996. Structure–antiox-
idant activity relationships of ﬂavonoids and phenolic acids. Free
Radical Biol. Med. 20 (7), 933–938, and references therein.
Roginsky, V., Lissi, E.A., 2005. Review of methods to determine
chain-breaking antioxidant activity in food. Food Chem. 92, 235–
254.
Romani, A., Coinu, R., Carta, S., Pinelli, P., Galardi, C., Vincieri, F.F.,
Franconi, F., 2004. Evaluation of antioxidant effect of different
extracts ofMyrtus communis L.. Free Radical Res. 38, 97–103.
Ruch, R.J., Cheng, S.J., Klaunig, J.E., 1989. Prevention of cytotoxicity
and inhibition of intercellular communication by antioxidant
catechins isolated from Chinese green tea. Carcinogenesis 10,
1003–1008.Russo, N., Toscano, M., Uccella, N., 2000. Semiempirical molecular
modeling into quercetin reactive site: structural, conformation, and
electronic features. J. Agric. Food Chem. 48 (8), 3232–3237.
Sanchez-Moreno, C., Larrauri, J.A., Saura-Calixto, F., 1998. A
procedure to measure the antiradical efﬁciency of poly phenols. J.
Sci. Food Agric. 76, 270–276.
Saurav, K., Kannabiran, K., 2012. Cytotoxicity and antioxidant
activity of 5-(2,4-dimethylbenzyl)pyrrolidin-2-one extracted from
marine Streptomyces VITSVK5 spp.. Saudi J. Biol. Sci. 19, 81–86.
Sawant, O., Kadam, J., Ghosh, R., 2009. In vitro free radical
scavenging and antioxidant activity of Adiantum lunulactum. J.
Herbal Med. Toxicol. 3, 39–44.
Toyokuni, S., Tanaka, T., Kawaguchi, W., Fang, N.R.R., Pzeki, M.,
Akatsuka, S., Hiai, H., Aruoma, O.I., Bahorun, T., 2003. Effects of
the phenolic contents of Mauritian endemic plant extracts on
promoter activities of antioxidant enzymes. Free Radical Res. 37,
1215–1224.
Valgimigli, L., Amorati, R., Fumo, M.G., Dilabio, G.A., Pedulli,
G.F., Ingold, K.U., Pratt, D.A., 2008. The unusual reaction of
semiquinone radicals with molecular oxygen. J. Org. Chem. 73,
1830–1841.
Wagh, S.S., Jain, S.K., Patil, A.V., Vadnere, G.P., 2012. In vitro free
radical scavenging and antioxidant activity of Cicer arietinum L.
(Fabaceae). Int. J. PharmTech. Res. 4 (1), 343–350.
Wettasinghe, M., Shahidi, F., 1999. Evening primrose meal: a source
of natural antioxidants and scavenger of hydrogen peroxide and
oxygen-derived free radicals. J. Agric. Food Chem. 49, 1801–1812.
Willet, W.C., 2001. Eat, Drink, and be Healthy. The Harvard Medical
School Guide to Healthy Eating. Simon and Schuster, New York.
Wright, J.S., Johnson, E.R., Di Labio, G.A., 2001. Predicting the
activity of phenolic antioxidants: theoretical method, analysis of
substituent effects, and application to major families of antioxi-
dants. J. Am. Chem. Soc. 123 (6), 1173–1183.
